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DESCRIPTION 

COMMUNICATION METHOD, TRANSMISSION SIGNAL FORMING METHOD, 
AND DATA STRUCTURE OF TRANSMISSION SIGNAL 
TECHNICAL FIELD 
The present invention relates to a method of forming a 
transmission signal, a communication method that uses the 
transmission signal, and a transmission signal data structure, and 
is particularly suited to a multipath environment of mobile 

communications or the like. 
BACKGROUND ART 

There has been a need for technology that increases the usage 
efficiency of wireless frequency resources in accordance with the 
increased demand for data communications in a variety of mobile 
environments and cellular wireless communications . The CDMA system, 
for example, is known as a system that increases the usage efficiency 
of wireless frequency resources by differentiating a plurality of 

users. In a communication system using the CDMA system, the 
interchannel interference caused by a spreading sequence correlation 
characteristic and a transmission line multipath characteristic 
is a primary factor that limits the frequency usage efficiency. 

A system that employs Orthogonal Frequency Division 
Multiplexing (OFDM) involves frequency multiplexing using a sine 
wave and there is therefore the problem^that the multipath effect 
is represented as fading of the signal power and separation of the 
transmission sine signal and multipath sine signal is problematic. 

As a spreading code sequence for separating the source 
transmission signal and the multipath signal , a communication system 
that employs a complete complementary sequence, for example, has 
been proposed. A complete complementary sequence is a sequence that 



comprises an autocorrelation characteristic for which the sum of 
the autocorrelation functions of the respective sequences is 0 for 
all shifts other than a zero shift and a mutual correlation 
characteristic for which the sum of the mutual correlation functions 
5 of the respective sequences is always 0 for all the shifts. A ZCZ 
(zero correlation zone) signal without side lobes and interchannel 
interference and so forth is formed by using the complete 
complementary sequence such that the transmission signal frequency 
spectrum is uncorrelated. As a result, the same frequency and same 

10 time can be allocated to the pilot signal and transmission signal. 

The present applicant proposed, in Patent Application No. 
2002-255405, a signal design such that all of the multipath 
characteristic measurement signals and the plurality of data 
transmission signals transmitted simultaneously do not interfere 

15 with one another in transmission data modulation using a spread 
spectrum. 

Fig. 16 is an example of a conventionally proposed signal design 
method. A square orthogonal matrix in which the row vectors and 
column vectors are orthogonal to one another is used to perform 

20 spread spectrummodulation on a multipath characteristic measurement 
signals An and a plurality of data transmission signals Bn, Cn, 
and Dn. For example, for the multipath characteristic measurement 
signals An, the signal array (An, An, An, An) is formed and, for 
the data transmission signals Bn, Cn, and Dn, the respective signal 

25 arrays (Bn, -Bn, Bn, -Bn), (Cn, Cn, -Cn, -Cn) and (Dn, -Dn, -Dn, 
Dn) are formed, whereby all the multipath characteristic measurement 
signals and plurality of data transmission signals do not interfere 
with one another. Further, here, a case where the square orthogonal 
matrix is a 4 by 4 matrix is shown. 
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As mentioned earlier, in a signal design such that all the 
multipath characteristic measurement signals and plurality of data 
transmission signals do not interfere with one another, a large 
matrix is required when transmitting a multiplicity of data 
5 transmission signals. As a result, there is the problem that the 
scale of the processing device required for data reception on the 
reception side is then large and the processing time is long and 
the problem that the wait time required for data transmission on 
the transmission side is long. 

10 In Fig. 17, when all of the P signals of the multipath 

characteristic measurement signals An and the multiplicity of data 
transmission signals Bn to Zn are transmitted, a P * P square 
orthogonal matrix must be used in accordance with the number of 
signals P. The length of the signals in the time axis direction 

15 of the signal array formed by the square orthogonal matrix increases 
in accordance with the number of columns P. Therefore, the greater 
the number of signals transmitted, the longer the wait time required 
for transmission and the longer the time required for the signal 
reception. Further, the scale of the matching filter that extracts 

20 a predetermined signal from the reception signal also increases 
in accordance with the number of columns P . 

DISCLOSURE OF THE INVENTION 
Therefore, the present invention solves the conventional 
problem and an object of the present invention is to shorten the 

25 transmission wait time required for transmission of a multiplicity 
of data transmission signals as well as the signal reception time 
in the simultaneous transmission of the multipath characteristic 
measurement signals and plurality of data transmission signals and 
to minimize the scale of the reception processing device by means 
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of spread modulation of transmission data using a spread spectrum. 

A further object of the present invention is to increase the 
number of transmissions of transmitted data transmission signals 
with respect to a predetermined time wait time and a signal reception 
5 time, 

A further object of the present invention is to determine the 
maximum number of transmissions of the transmitted data transmission 
signal for a predetermined time wait time and signal reception time. 

In order to separate the transmission signal and multipath 
10 signal at the same frequency and same time, it is important to receive 
the multipath characteristic measurement signals without being 
subjected to the effect of interference. 

In a conventionally proposed signal design, by establishing 
a signal design such that all the signals, namely, the multipath 
15 characteristic measurement signals and the plurality of data 
transmission signals, do not interfere with one another, signal 
interference with respect to the multipath characteristic 
measurement signals is prevented. As a result, when the multiplicity 
of data transmission signals are transmitted, a large matrix that 
20 corresponds with all transmission signal numbers is required. 

On the other hand, the present invention designs signals so 
that interference between the respective data transmission signals 
is permitted and so that a plurality of data transmission signals 
do not interfere with at least the multipath characteristic 
25 measurement signals and allows the multipath characteristic 
measurement signal to be separated from the data transmission signal . 
Further, the data transmission signals can be restored by means 
of error code correction and so forth. 

As a result, the scale of the matrix required for the signal 
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design is substantially reduced, whereby the transmission wait time 
and signal reception time required for transmission of a multiplicity 
of data transmission signals are shortened and the scale of the 
reception processing device is minimized. Conversely, this 
5 increases the number of transmissions of the transmitted data 
transmission signal with respect to a predetermined transmission 
wait time and signal reception time. 

Furthermore , the multipath characteristic of the transmission 
system is measured by using multipath characteristic measurement 
10 signals and, based on the measured multipath characteristic, the 
maximum number of transmissions of the transmitted data transmission 
signal is determined in the range of the transmission power of the 
transmission wait time and signal reception time of the transmission 
system. 

15 The present invention is able to provide the respective aspects 

of a communication method, a method for forming a transmission signal, 
and a transmission signal data structure. 

The communication method of the present invention is a 
communication method for transmitting a multipath characteristic 

20 measurement signal and a plurality of data transmission signals, 
wherein the multipath characteristic measurement signal and data 
transmission signals are a signal array formed by a plurality of 
coefficient matrices that are orthogonal to one another within the 
matrices and which comprise at least one coefficient array that 

25 is common in the column direction or row direction; and the multipath 
characteristic measurement signal formed by the respective 
coefficient matrices is the same signal array formed by the one 
common coefficient array. 

As a result, a signal design is established such that the 
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multipath characteristic measurement signals and data transmission 
signals are uncorrelated, one of the multipath characteristic 
measurement signals that is uncorrelated to all the data transmission 
signals is transmitted, and a plurality of data transmission signals 
5 do not interfere with at least the multipath characteristic 
measurement signals . 

As an aspect in which the transmitted multipath characteristic 
measurement signals and plurality of data transmission signals are 
uncorrelated, a multipath characteristic measurement signal array 

10 is formed by using a coefficient array of one row vector or column 
vector with respect to multipath characteristic measurement signals 
and a data transmission signal array is formed by using a coefficient 
array of a row vector that is orthogonal to the row vector used 
in the formation of the multipath characteristic measurement signal 

15 array with respect to a plurality of data transmission signals or 
a coefficient array of a column vector that is orthogonal to the 
column vector used in the formation of the multipath characteristic 
measurement signal array. 

The formation of the multipath characteristic measurement 

20 signal array and the data transmission signal array involves forming 
a matrix of an arbitrary length by selecting a common row vector 
or column vector from a plurality of orthogonal square matrices 
comprising a common row vector or column vector and arbitrary numbers 
of row vectors or column vectors that are orthogonal to the former 

25 row vector or column vector. The multipath characteristic 
measurement signal array is formed by multiplying the respective 
common row vector or column vector coefficient arrays by a multipath 
characteristic measurement signal in the matrix thus formed, and 
the data transmission signal array is formed by multiplying each 



of the other row vector or column vector coefficient arrays in the 
matrix by a plurality of data transmission signals. The multipath 
characteristic measurement signal array and data transmission signal 
array thus formed constitute a transmission signal . As an orthogonal 
5 square matrix, a Hadamard matrix or unitary matrix can be used. 

When forming a multipath characteristic measurement signal 
array and a data transmission signal array by multiplying the 
respective row vector or column vector coefficient arrays by the 
multipath characteristic measurement signal and data transmission 
10 signal, 0 data of a predetermined length is added between the 
respective signals multiplied by the coefficient arrays and the 
interval between the multipath characteristic measurement signals 
in the multipath characteristic measurement signal array and the 
interval between the data transmission signals in the data 
15 transmission signal array are determined. 

A transmission signal that corresponds with a multipath 
characteristic can be designed by feeding back the received multipath 
characteristic measurement signal to the transmission side. 

A first aspect of transmission design for transmission using 
20 feedback establishes the number of row vectors or column vectors 
used in the formation of the data transmission signal array on the 
basis of the received multipath characteristic measurement signals . 
For example, when the multipath characteristic in the transmission 
line is favorable, for example, the number of row vectors or column 
25 vectors used in the formation of the data transmission signal array 
can be increased and the number of transmitted data transmission 
signals can be increased. Conversely, when the multipath 
characteristic in the transmission line is not favorable, the numbers 
of row vectors or column vectors used in the formation of the data 
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transmission signal array can be reduced to reduce the number of 
transmitted data transmission signals . 

A second aspect of a transmission design for transmission using 
feedback involves setting the interval between signals in the signal 
5 array on the basis of the received multipath characteristic 
measurement signals. On the transmission side, when a multipath 
characteristic measurement signal array and data transmission signal 
array are formed by arranging multipath characteristic measurement 
signals and data transmission signals to correspond with a row vector 

10 or column vector coefficient array, the interval between the 
respective multipath characteristic measurement signals or the 
interval between the data transmission signals is changed on the 
basis of the fed back multipath characteristic measurement signals . 

For example, the interval between the respective signals is 

15 set short when the multipath characteristic in the transmission 
line is favorable and the interval between the signals is set long 
when the multipath characteristic is unfavorable. The length of 
the signal array can be shortened and the transmission wait time 
and reception processing time and so forth can be shortened by setting 

20 the interval between signals short. 

Further, an arbitrary user arbitrarily provides a matched 
filter that corresponds with the coefficient array used in the 
formation of the transmission data array and is able to receive 
an arbitrary data transmission signal via the matched filter. An 

25 aspect in which one user uses all the data transmission signal channels 
is possible and an aspect in which channels are used through division 
by a plurality of users is also possible. 

As described hereinabove, the present invention makes it 
possible to shorten the transmission wait time and signal reception 



time required for the transmission of a multiplicity of data 
transmission signals in the simultaneous transmission of the 
multipath characteristic measurement signals and the plurality of 
data transmission signals and to minimize the scale of the reception 
5 processing device by means of spread modulation of transmission 
data using a spread spectrum. 

Further, the number of transmissions of the transmitted data 
transmission signal can be increased for a predetermined 
transmission wait time and signal reception time. 
10 Furthermore, the maximum number of transmissions of the 

transmitted data transmission signal can be determined for a 
predetermined transmission wait time and signal reception time. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 serves to illustrate a multipath characteristic 
15 measurement signal and a data transmission signal; 

Fig. 2 serves to illustrate the signal design of the present 
invention; 

Fig. 3 serves to illustrate a plurality of matrices that are 
used to form the transmission signal of the present invention; 
20 Fig. 4 serves to illustrate the transmission signal array 

formed by the present invention; 

Fig. 5 serves to illustrate the transmission signals that are 
transmitted by means of the data transmission signal array formed 
by the present invention; 
25 Fig. 6 serves to illustrate a constitutional example of the 

matrix used by the present invention; 

Fig. 7 serves to illustrate the application to the user of 
the matrix constitution used by the present invention; 

Fig. 8 shows the relationship between an I/O signal and the 
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matched filter according to the present invention; 

Fig. 9 serves to illustrate the state of a data array when 
a signal passes through the matched filter; 

Fig. 10 serves to illustrate the detection of the multipath 
5 characteristic of the present invention; 

Fig. 11 serves to illustrate the communication state of the 
transmission signal ; 

Fig. 12 shows a constitutional example of the matched filter; 

Fig. 13 serves to illustrate adjustment of the number of 
10 matrices (row vectors) used in the spread modulation of data 
transmission signals; 

Fig. 14 shows the relationship between the signal length LI 
of a signal sequence formed by applying a delay to the ZCZ sequence 
and a delay L2, and the signal waveform of the output signal of 
15 the matched filter; 

Fig. 15 serves to illustrate the relationship between the time 
interval T between one signal and the next signal and the time interval 
T between the signal sequences An; 

Fig. 16 serves to illustrate an example of a conventionally 
20 proposed signal design method; and 

Fig. 17 serves to illustrate the relationship between the size 
of the matrix used in the spread modulation and the reception signal 
array . 

BEST MODE FOR CARRYING OUT THE INVENTION 
25 Embodiments of the present invention will be described in 

detail hereinbelow with reference to the drawings. 

Fig. 1 serves to illustrate a multipath characteristic 
measurement signal and data transmission signal of the present 
invention. The multipath characteristic measurement signal is a 

10 



signal sequence that is transmitted from the transmission side to 
the reception side in order to measure the multipath characteristic 
of the transmission line and is formed by a ZCZ sequence. 

The ZCZ sequence is a sequence that holds a frequency zero 
5 correlation zone that comprises a zero autocorrelation zone 
characteristic and a zero mutual correlation zone characteristic. 
For example, a complete complementary array can be used as a 
predetermined coefficient array. The complete complementary array 
is a sequence that comprises an autocorrelation characteristic for 
10 which the sum of the autocorrelation functions of the respective 
sequences is zero for all shifts other than a zero shift and a mutual 
correlation characteristic for which the sum of the mutual 
correlation functions of the respective sequences is always zero 
for all shifts. 

15 For example, in Fig. 1, the multipath characteristic 

measurement signal An = a 0 a x a 2 • • • a n . 1 uses signal arrays * ++ + - •••+', 
1 +-++•••+', ••• of length LI obtained from the unitary matrix or 
the like, for example. "+++-•••+' is selected as a 0 , '+-++•••+' 
is selected as a x and '000- • •()' of length L2 is interposed between 

20 the respective signal arrays a. The signal arrays form a signal 
array of time interval T that has a length L1+L2 that can be formed 
by connecting the signal arrays . 

Furthermore , similar signal array formation can be implemented 
in a case where the data transmission signals are Bn = b 0 b x b 2 

25 b n _ x , Cn = c 0 c x c 2 ••• c n . 2 , Dn = d 0 d x d 2 ■•• d^. En = e 0 b 1 e 2 ••• 
e n . 1# ••• with data lengths of arbitrary n bits. 

The present invention is a communication method that transmits 
the multipath characteristic measurement signal An and the data 
transmission signals Bn, Cn, Dn, En, ••• at the same time and 



implements signal design such that all the data transmission signals 
Bn, Cn, Dn, En, • • • are uncorrelated with respect to the onemultipath 
characteristic measurement signal An and the plurality of data 
transmission signals Bn, Cn, Dn, En, do not interfere with at 

5 least the multipath characteristic measurement signal An. 

Fig. 2 serves to illustrate the signal design of the present 
invention . 

The present invention uses a plurality of orthogonal square 
matrices comprising a common row vector or column vector so that 

10 all the data transmission signals Bn, Cn, Dn, En, • • • are uncorrelated 
with respect to the one multipath characteristic measurement signal 
An. A matrix of arbitrary length is formed by selecting, from a 
plurality of orthogonal square matrices , the row vector or column 
vector that the orthogonal square matrices each have in common and 

15 arbitrary numbers of row vectors or column vectors that are orthogonal 
to the row vector or column vector. 

In Fig. 2, a plurality of matrices Ql , Q2 , • • • , Qm, are q by 
q orthogonal square matrices and the matrices Ql, Q2, ■ • • , Qm each 
comprise a common row vector or column vector. Further, Fig. 2 shows 

20 a case with a row vector R (oblique line parts) is the common vector. 
In Fig. 2, elements of other vectors ( ' + ' or , for example) are 
indicated by a white circle sign. In each of the matrices Ql, Q2 , 
• • • • Qm, although the row vector R is orthogonal to the other row 
vectors, the orthogonality between the row vectors between the 

25 respective matrices Ql, Q2, Qm is not protected. 

That is, the row vectors R in the respective matrices Q are 
orthogonal to the other row vectors in the matrices Q such that 
the row vector R of matrix Ql is orthogonal to the other row vectors 
in matrix Ql and the row vector R of matrix Q2 is orthogonal to 
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the other row vectors in matrix Q2 . However, the row vector R of 
a certain matrix Q is not limited to being orthogonal to the row 
vectors of other matrices such that the row vector R of matrix Ql 
is not limited to being orthogonal to the row vectors in the other 
5 matrices Q2 to Qm and the row vector R of matrix Q2 is not limited 
to being orthogonal to the row vectors of the other matrices Ql 
and Q3 to Qm. 

The orthogonal square matrix can be a Hadamard matrix, for 
example. When an n-order square matrix H is a Hadamard matrix, the 
10 elements consist of only ' + ' and H T • H = nl n is satisfied, and, 

for the existence of a Hadamard matrix, n is 1 or 2 or a multiple 
of 4. 

A matrix is formed by selecting a common row vector R and another 
row vector from a plurality of matrices Ql, Q2 , • • • , Qm with respect 

15 to p signals of the multipath characteristic measurement signals 
An and a plurality of data transmission signals Bn, Cn, Zn. 
The number of the other row vectors selected from the plurality 
of matrices Ql, Q2, • • • , Qm is the same number as the number (p-1) 
of at least the data transmission signals Bn, Cn, Zn. 

20 A multipath characteristic measurement signal array SA is 

formed by applying a common row vector R to the multipath 
characteristic measurement signals An. The formation of the 
multipath characteristic measurement signal array SA can be 
determined by the Kronecker product of the multipath characteristic 

25 measurement signal An and row vector R. The number of multipath 
characteristic measurement signals An contained in the multipath 
characteristic measurement signal array SA thus formed is the number 
(q) of columns in the matrix. Because row vectors and column vectors 
in a number equal to or more than the transmitted signal number 
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p are required when one orthogonal square matrix is used, the number 
of multipath characteristic measurement signals An contained in 
the multipath characteristic measurement signal array thus formed 
is at least p. 

Further, data transmission signal arrays SB, SC, • • • , SZ are 
formed by applying a plurality of row vectors that are orthogonal 
to the common row vector R to the data transmission signals Bn, 
Cn, • • • , Zn in the same way. The formation of the data transmission 
signal arrays SB, SC, SZ can be determined by the Kronecker 

product of the data transmission signals Bn, Cn, Zn and the 

respective row vectors . The individual number of data transmission 
signals Bn, Cn, • • • f Zn contained in the data transmission signal 
arrays SB, SC, SZ thus formed is the number (q) of columns 

in the matrix. Because row vectors and column vectors in a number 
equal to or more than the transmitted signal number p are required 
as shown in Fig. 17 when one orthogonal square matrix is used, the 
number of data transmission signals contained in the data 
transmission signal array thus formed is at least p. However, the 
present invention makes it possible to reduce this number. 

Therefore, the present invention makes it possible to reduce 
the number of columns of the multipath characteristic measurement 
signal array and plurality of data transmission signal arrays thus 
formed, whereby the transmission wait time and reception processing 
time can be shortened and the reception- side device can be simplified . 

Fig. 3 serves to illustrate a plurality of matrices that are 
used to form a transmission signal. 

When the size of each orthogonal square matrix is q by q, the 
number of orthogonal square matrices prepared is decided in 
accordance with the value of the quotient obtained by dividing the 
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number p of transmitted data transmission signals by the size q 
of the orthogonal square matrices . The number of orthogonal square 
matrices is the number of the quotient when division is performed 
and the number produced when 1 is added to the quotient when no 
5 division is performed. 

The plurality of orthogonal square matrices thus prepared 
comprise a common row vector. A multipath characteristic 
measurement signal array is formed by performing spread modulation 
on the multipath characteristic measurement signal by using this 

10 [common] row vector and a data transmission signal array is formed 
by performing spread modulation on the data transmission signal 
by using another row vector. 

The size of the orthogonal square matrix can be decided in 
accordance with the number of data transmission signals transmitted. 

15 For example, when an orthogonal square matrix is a Hadamard matrix, 
the size is a multiple of four when the degree n is 4 or more . Although 
the larger the degree, the larger the degree that one matrix has. 
However, because, as the column number increases in length, the 
length of the transmission signal increases by the column number, 

20 only the number of row vectors used is increased by preparing a 
plurality of orthogonal square matrices of a predetermined size. 

On the other hand, when the degree n is small, the number of 
orthogonal square matrices obtained decreases . Therefore , a number 
of row vectors that is adequate to perform spread modulation on 

25 the transmitted data transmission signals is obtained and the size 
of the orthogonal square matrices needs to be determined so that 
the column number does not increase in length. 

Fig. 3A shows orthogonal square matrices XI , X2 , • • • , Xn that 
are prepared for the transmitted data transmission signals Ax, Bx, 
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Cx, • • • , Hx, Ix, • • • . ax, flx, • • • , ?x and Fig. 3B shows orthogonal 
square matrices Yl , Y2 , • • • , Yn that are prepared for the transmitted 
data transmission signals Ay, By, Cy, • • • , Hy, Iy, • • • , ay, By, 
• • • , ?y . 

5 In the matrix of Fig. 3A, a row vector Ax is provided as a 

common row vector for the matrices used for the multipath 
characteristic measurement signal and, in the matrix of Fig. 3B, 
a row vector Ay is provided as a common row vector for the matrices 
used for the multipath characteristic measurement signal. 

10 Fig. 4 serves to illustrate the transmission signal arrays 

thus formed. The example shown in Fig. 4 schematically shows the 
transmission signal arrays obtained when the multipath 
characteristic measurement signal Ax and the data transmission 
signals Bx to Ox are spread-modulated by means of two 8 by 8 Hadamard 

15 matrices XI and X2 , the transmission signal arrays being formed 
and transmitted as time, which is shown in the direction of the 
arrow, elapses. Further, the interval between the respective 
signals (Ax, Bx to Ox) is a predetermined time interval T and a 
0 signal is added to each predetermined time slot and transmitted. 

20 In Fig. 4, because the multipath characteristic measurement 

signal Ax has the matrix coefficient array *+++++ +++' , a multipath 
characteristic measurement signal array 'An, 0, • • • , 0, An, 0, 
0 , An , 0 , • • • , 0 , An , 0 , • • • , 0 , An , 0 , • • • , 0 , An , 0 , • • • , 0 , An , 
0, 0, An, 0, 0,' is formed. Likewise, because the data 

25 transmission signal Bx has the matrix coefficient array 1 + + -++ ' , 

the data transmission signal array % Bn, 0, 0, -Bn, 0, 

0, -Bn, 0, 0, -Bn, 0, 0, Bn, 0, 0, -Bn, 0, 0, 

Bn, 0, • • • , 0, Bn' is formed. The data transmission signals Cn to 
On are also similar. 
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Further, 'An, 0, 0', ' Bn, 0, 0' are formed by 

continually adding a signal 0 to each of An and Bn when the time 
interval is T. Further, the code * - 1 in Fig. 4 represents '0, 
0' . 

Here, although an 8 by 8 degree 8 matrix is shown as an example, 
when the matrix is a Hadamard matrix, the degree n of the matrix 
is a multiple of 4, Further, although Hadamard matrices also exist 
when nisi and 2 , a one degree matrix and 2 degree matrix cannot 
be applied to a plurality of data transmission signals. 

Fig. 5 serves to illustrate the transmission signals that are 
transmitted by means of the data transmission signal array thus 
formed. Supposing that the multipath characteristic measurement 
signal An and data transmission signals Bn to On are An = a 0 a x • • • 
a n . 1# Bn = b 0 b x • • • b n . 1# • • • , and On = o 0 o x • • m o n _ lg the transmission 
transmitted in each time slot is the sum of the respective signals. 
For example , in time slot t 0 , this is the sum of the respective signals , 
i.e. a 0 +b 0 +' • *+o 0 . In time slot t 1# this is the sum of the respective 
signals, i.e. a^b^^^O! and, similarly thereafter, in time slot 
t n _ 1# this is the sum of the respective signals, i.e. a^^b^^* • # o n . 1 . 
Further, as a result of the 0 signals disposed between the respective 
signals, a 0 signal is in time slots t n to t T _ x . 

As mentioned earlier, the multipath characteristic 
measurement signal An and data transmission signals Bn to On undergo 
signal addition with the time interval T between the time slots 
t 0 to t T-1 serving as the unit. In the next time interval T, a 
calculation for the signals obtained by multiplying the next column 
of the matrix by a set coefficient is performed. 

A constitutional example of the matrix employed will be 
described next by using Fig. 6. A plurality of matrices that are 
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used in the signal spread modulation can have a constitution in 
which a plurality of n by n matrices are used as shown in Figs . 
6A and 6B. The constitutional example shown in Fig. 6B is a 
constitution in which a plurality of matrices containing fractions 
5 are used and the number of row vectors in one matrix is increased 
in accordance with the number of transmitted data transmission 
signals . 

Further, as shown in Fig, 6C, a constitution in which k by 
n matrices are formed by selecting the common row vector and other 
10 row vectors from the matrices in Fig. 6A and 6B is also possible. 

The calculation of the Kronecker product that is performed 
between the data transmission signals is the same irrespective of 
the matrix constitution. 

Furthermore, the matrix constitution used by the present 
15 invention can be applied to a plurality of users or applied to one 
user. Fig. 7 serves to illustrate the application, to users, of 
the matrix constitution employed by the present invention. 

Fig. 7A shows a case where two matrices XI and X2 comprising 
a common row vector are applied to user Ul and user U2 respectively. 
20 User Ul spread-modulates the multipath characteristic measurement 
signal Ax and data transmission signals Bx to Hx by using matrix 
XI . Further , user U2 spread-modulates the multipath characteristic 
measurement signal Ax and data transmission signals Ix to Ox by 
using matrix X2 . 

25 The data transmission signal array obtained by the spread 

modulation is received via the transmission system and data 
transmission signals are extracted by means of a matched filter. 

User Ul comprises a matched filter that corresponds with matrix 
XI and demodulates the data transmission signal that has been 
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spread-modulated by matrix XI to extract the multipath 
characteristic measurement signal Ax and data transmission signals 
Bx to Hx. Meanwhile, user U2 comprises a matched filter that 
corresponds with matrix X2 and demodulates the data transmission 
5 signal that has been spread-modulated by matrix X2 to extract the 
multipath characteristic measurement signal Ax and data transmission 
signals Ix to Ox, 

In this transmission system, irrespective of the user, the 
multipath characteristic measurement signal Ax does not interfere 

10 with the data transmission signals Bx to Hx and data transmission 
signals Ix to Ox and can therefore be extracted separately without 
a constitution subject to the effect of the multipath characteristic . 

Fig. 7B shows a case where a matrix X3, which comprises one 
row vector and a plurality of row vectors that are orthogonal to 

15 this row vector are applied to one user U3 . User U3 spread-modulates 
a multipath characteristic measurement signal Ax and data 
transmission signals Bx to Ox by using matrix X3 . 

The data transmission signal array obtained by the spread 
modulation is received via the transmission system and data 

20 transmission signals are extracted by means of a matched filter. 
User U3 comprises a matched filter that corresponds with matrix 
X3 and demodulates the data transmission signal that has been 
spread-modulated by matrix X3 to extract the multipath 
characteristic measurement signal Ax and data transmission signals 

25 Bx to Ox, 

In this transmission system, the multipath characteristic 
measurement signal Ax does not interfere with the data transmission 
signals Bx to Ox and can therefore be extracted separately without 
a constitution subject to the effect of the multipath characteristic . 



The communication method of the present invention that employs 
the transmission signal thus formed will be described next. 

The transmission signal thus formed can be extracted by means 
of a matched filter that corresponds with the respective coefficients 
5 of the spreading sequence used in the formation of the transmission 
signal. For example, the matched filter is a filter that extracts 
transmission data A by means of de-spreading and is formed in 
correspondence with the coefficients of the spreading sequence used 
in the formation of transmission data A. 

10 The relationship between the I/O signal and matched filter 

is decided on the basis of the complete complementarity that the 
spreading sequence has. Fig. 8 shows the relationship between the 
I/O signal and matched filter. 

For example, in Fig. 8A # when signal A passes through the signal 

15 A matched filter, an impulse- like signal can be obtained from the 
autocorrelation characteristic. However, when signal A passes 
through matched filters other than the signal A matched filter ( signal 
B matched filter to signal D matched filter), the signal is not 
obtained from the mutual correlation characteristic. 

20 Further, in Fig. 8B, when signal B passes through the signal 

B matched filter, an impulse- like signal can be obtained from the 
autocorrelation characteristic. However, when signal B passes 
through matched filters other than the signal B matched filter ( signal 
A matched filter, signal C matched filter, and signal D matched 

25 filter) , the signal is not obtained from the mutual correlation 
characteristic . 

The detection of a multipath characteristic and the removal 
of the multipath characteristic from a reception signal will be 
described next . Fig . 9 serves to illustrate the relationship between 
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a multipath characteristic measurement signal and a data 
transmission signal . 

In Fig. 9, for example, supposing that signal A is the multipath 
characteristic measurement signal, when an output signal p is found 
5 via the signal A matched filter A after passing through the multipath 
transmission line P, the multipath characteristic P of the multipath 
transmission line can be found from the output signal p. 

When it is assumed that signals B to D are data transmission 
signals and signals B to D pass simultaneously via the same multipath 

10 transmission line P as the multipath characteristic measurement 
signal, the effect of the same multipath characteristic is received 
from the multipath transmission line P. As a result, the same 
multipath characteristic is contained in the output signals q, r, 
s that are obtained via the respective matched filters B, C, and 

15 D. Therefore, data transmission signals B, C and D can be found 
by removing the multipath characteristic P from the output signals 
q, r, s by using the multipath characteristic P found by means of 
the multipath characteristic measurement signal. 

Here, it is assumed that the multipath characteristic P is 

20 P = (pO, pi, p2, p3). Further, pk is a multipath factor in the 
respective delay times of the time slots 0, 1, 2, 3. This multipath 
characteristic P can be found by using the matched filter of the 
multipath characteristic measurement signal to detect the multipath 
characteristic measurement signal that has passed through the 

25 multipath transmission line, for example. 

As mentioned earlier, a transmission signal A is formed by 
applying a delay time T in one coefficient array of the row vectors 
of the orthogonal square matrices to the transmission data and, 
after the transmission signal A has passed through the multipath 
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transmission line P, the reception signal A ' is received through 
detection by means of a signal A matched filter. Fig. 10 serves 
to illustrate the detection of the multipath characteristic by using 
the multipath characteristic measurement signal. 
5 A' can be found by calculating the output signal for each delay 

time as shown in Fig. 10 and represented by the following equation. 

A' = 4 (x, x, --^X, X, 0, 0, 0, 0, 0, 0, 0, 0, pO , pi, p2 # 

p3, 0, 0, 0, 0, 0, x, x, •••,X,X) 

x represents a certain value. 
10 Therefore, the reception signal A 1 is contained in a state 

where the multipath characteristic P = (pO, pl # p2 , p3 ) can be 
separated. 

Meanwhile, the transmission signals that pass through the same 
multipath transmission line can be represented as follows . Further , 
15 Fig. 11 serves to illustrate the communication state of the 
transmission signal. 

Supposing that the data transmission signal is (bO, bl, b2 , 
b3, b4, b5) , the transmission signal is formed by using a row vector 
coefficient array that is different from the row vector coefficient 
20 array used in the formation of the multipath characteristic 
measurement s ignal . 

The transmission signal is represented by (bO, bl, b2, b3, 
b4, b5, 0, 0, 0, -bO, -bl, -b2, -b3, -b4, -b5, 0, 0, 0, bO, bl , 
b2, b3, b4, b5, 0, 0, 0, -bO, -bl, -b2, -b3, -b4, -b5, 0, 0, 0) 
25 by using a data transmission signal and a row vector coefficient 
array . 

Here, supposing that the signal that passes through the 
multipath transmission line PisB', the reception signal detected 
by the signal B matched filter can be found by means of convolution 
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of signal B' and matched filter B. 
B' *Bf is expressed by 

= 4p0 (•••, x, 0, 0, 0, bO, bl, b2, b3, b4 , b5, 0, 0, 0, x, 
X, x, x • • • ) 

5 + 4pl (•••, x, x, 0, 0, 0, bO, bl, b2 , b3, b4 . b5, 0, 0, 0, 

x, x, x • * • ) 

+ 4p2 (•••, x, x, x, 0, 0 # 0, bO, bl, b2 , b3 , b4 , b5, 0, 0, 
0, x, x, • • • ) 

+ 4p3 (•••, x, x, x, x, 0, 0, 0, bO, bl, b2 , b3, b4, b5, 0, 
10 0, 0, x, • • • ) 

= (•••, x, x, x, x, ql, q2, q3, q4 , q5 , q6 , q7 , q8 , x, x, x, 
x, • • • ) 

Further, Bf corresponds with the matched filter B. 

Here, ql , q2 , q3 , q4 , q5 , q6 , q7 , q8 can be found directly 
15 as the output of the matched filter. 

Fig. 11A schematically shows the relationship between a 
transmission signal , the multipath characteristic P of the multipath 
transmission line, and the output of the B matched filter and the 
relationship therebetween can be represented by the relational 
20 equation shown in Fig. 11A. 

In the relational equation shown in Fig. 11A, (pO, pi, p2, 
p3), which represents the multipath characteristic, can be found 
by detecting the multipath characteristic measurement signal and 
(qO, ql, q2, q3 , q4 , q5 , q6 , q7 , q8 ) can be found by detecting the 
25 transmission signal. 

Therefore, the transmission data (bO, bl, b2 , b3, b4 , b5) can 
be found from the equation shown in Fig. 11B by using (pO, pi, p2 , 
p3) and (qO, ql, q2 , q3 , q4 , q5 , q6 , q7 , q8). 

A constitutional example of a matched filter will be described 
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next • 

Fig. 12 shows a constitutional example of a matched filter. 
Further, signals A to D are formed by applying a delay to a ZCZ 
sequence . 

5 Fig. 12A is a constitutional example of a signal A matched 

filter that corresponds with a vector row (1, 1, 1, 1) , for example, 
and shows a case with a delay time 9t. Figs. 12B, 12C, and 12D show 
a constitutional example of matched filters of signals B, C, and 
D that correspond with the respective vector rows (1, -1, 1, -1), 
10 (1, 1, -1, -1), (1, -1, -1, 1) and likewise show cases where the 
delay time is 9t. 

The constitution for feeding back the mult ipath characteristic 
thus found to the transmission side will be described next. 

Targets for adjusting the multipath characteristic through 
15 feedback include the number of matrices (row vectors) used in the 
spread modulation of data transmission signals and the time interval 
in the signal sequences of the transmitted data transmission signals . 

First, the adjustment of the number of matrices (row vectors) 
used in the spread modulation of data transmission signals will 
20 be described by using Fig. 13. 

The multipath characteristic represents the extent of the 
influence on the data transmission signal exerted by the transmission 
system of the multipath transmission line. A multiplicity of data 
transmission signals can be transmitted by the same transmission 
25 system when the multipath characteristic is favorable and, 
conversely, only a small number of data transmission signals can 
be transmitted by the same transmission system when the multipath 
characteristic is unfavorable. 

In the case of the present invention, the number of transmitted 
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data transmission signals is proportional to the number of row vectors 
of the matrix used. Therefore, the multipath characteristic 
detected is fed back to the transmission side and the number of 
matrices (number of row vectors) used in the spread modulation of 
5 the data transmission signal is adjusted to maximize the data 
transmission signals that can be transmitted by the transmission 
system in accordance with the multipath characteristic . Adjustment 
can be performed such that the maximum transmission efficiency, 
which is adapted to the multipath characteristic of the transmission 
10 system, is always obtained by increasing the number of data 
transmission signals by increasing the number of matrices (row 
vectors) when the multipath characteristic is favorable in Fig. 
13A, and, on the other hand, reducing the number of data transmission 
signals by reducing the number of matrices (row vectors) when the 
15 multipath characteristic is unfavorable in Fig. 13B. 

Adjustment of the time interval in the signal sequence of the 
transmitted data transmission signal will be described next by using 
Figs. 14 and 15. 

Fig. 14 shows the relationship between the signal length LI 
20 of a signal sequence and a delay L2 formed by applying a delay to 
the ZCZ sequence and the signal waveform of the output signal of 
the matched filter. 

The signal sequences An are formed by repeating the signal 
array of the ZCZ sequence of signal length LI and the delay of length 
25 L2 and the signal sequences An are transmitted after being 
spread-modulated by using a spread matrix at time interval T before 
being demodulated by means of a matched filter that corresponds 
with the spread matrix. The output signal thus obtained has a signal 
level of nx2Ll and the time interval between the signal and noise 
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component is L2 . Further, the time interval between one signal and 
the next signal is the time interval T between signal sequences 
An. n corresponds to the number of columns of the spread matrix 
and the signal level of the output signal can be raised by performing 
5 spread modulation by using a spread matrix . For example , when spread 
modulation is performed by using an 8 by 8 matrix, the signal level 
of the output signal obtained is 8 * 2L1 times the signal level 
of the transmission signal. 

In the case of output signals, when noise exists between 

10 adjacent signals as a result of the multipath characteristic, 
identification of signals is difficult. When the multipath 
characteristic is favorable, output signals can be identified even 
when the time interval T between adjacent output signals is narrow. 
However, when the multipath characteristic is unfavorable , the time 

15 interval T between adjacent output signals must be sufficient in 
order to identify output signals . 

In the spread modulation of the present invention, the time 
interval T between one signal and the next signal is decided by 
the time interval T between signal sequences An. Therefore, the 

20 detected multipath characteristic is fed back to the transmission 
side and the time interval T between the signal sequences An is 
adjusted so that the time interval T permitting identification 
between successive output signals is short in accordance with the 
multipath characteristic. The time interval T is related to the 

25 transmission wait time up until the transmission signals have all 
been sent, the processing time up until completion of the reception 
processing, the scale of the device required for processing, and, 
therefore, the time interval T is desirably as short as possible. 
Adjustment can be performed to minimize the transmission wait 
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time and the reception signal processing time and so forth to always 
adapting to the multipath characteristic of the transmission system 
by shortening the time interval Ta between the signal sequences 
An when the multipath characteristic is favorable in Fig. 15A but, 
5 on the other hand, lengthening the time interval Tb between the 
signal sequences An when the multipath characteristic is unfavorable 
in Fig. 15B. 

Further, although an example in which a row vector is employed 
as the common vector was illustrated in the above description, a 
10 column vector can likewise also be employed. When the process is 
performed based on column vectors, adaptation is possible by 
substituting the row vectors of the above description for column 
vectors . 

In the present invention, the larger the number of row vectors 
15 used in spread modulation, the larger the number of signals of the 
transmitted data transmission signals can be and the information 
transmission efficiency and information transmission accuracy can 
be raised. 

Furthermore, as the number of columns of the matrix used in 
20 the spread modulation decreases, the scale of the reception-side 
device can be reduced and the data processing time can be shortened. 

Furthermore, as the number of columns of the matrix used in 
the spread modulation decreases, the transmission-side wait time 
can be shortened. 

25 Moreover, as the number of columns of the matrix used in the 

spread modulation increases, the signal strength of the multipath 
characteristic measurement signal can be raised. 

In addition, as the matrix used in the spread modulation 
decreases in size, responsiveness to changes in the multipath 
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characteristic can be raised. 

INDUSTRIAL APPLICABILITY 
The present invention is preferable for environments 

0 

susceptible to mult ipath- induced effects of cellular wireless 
communications and a variety of mobile environments. 
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